Objective: Non-AIDS-defining cancers (NADCs) have emerged as significant contributors to cancer mortality and morbidity among persons living with HIV (PLWH). Because NADCs are also associated with many social and behavioural risk factors that underlie HIV, determining the extent to which each of these factors contributes to NADC risk is difficult. We examined cancer incidence and mortality among persons with a history of incarceration, because distributions of other cancer risk factors are likely similar between prisoners living with HIV and non-infected prisoners.
INTRODUCTION
In contrast to declining trends in incidence for the two major AIDS-defining cancers (ADCs; Kaposi sarcoma and non-Hodgkin lymphoma), rates for some non-ADCs (NADCs) remain elevated or have increased over time for persons living with HIV (PLWH) despite widespread access since 1996 to highly active antiretroviral therapy (HAART). 1 Although the causes of temporal increases for some NADCs are complex and multifactorial, an increased prevalence of lifestyle-related risk factors (eg, tobacco exposure) and the role of prolonged moderate levels of immune suppression among PLWH versus uninfected persons likely contribute to increased rates of NADCs. [2] [3] [4] Studying cancer among prisoners with and without HIV offers an opportunity to assess the extent to which the heightened risk for malignancies is due to HIV infection itself versus the social and behavioural factors that underlie HIV infection. Regardless of HIV status, incarcerated persons often experience substance abuse, poverty and poor access to medical care prior to incarceration. [5] [6] [7] Thus, among inmates, the distribution of important cancer risk factors may be similar between PLWH and non-infected persons.
Strengths and limitations of this study
▪ Persons living with HIV and HIV-uninfected members of the cohort both experienced a history of incarceration and likely have a similar distribution of cancer risk factors. ▪ The study design and long follow-up period emphasise long-term consequences of viral infection and exposure to alcohol and tobacco. ▪ Underestimation of associations with HIV infection is possible as we could not ascertain if those who tested HIV negative on prison entry later seroconverted to HIV.
Numerous studies have found twofold to threefold elevated risk for NADCs among PLWH relative to the general population. [8] [9] [10] A meta-analysis suggests that the cancer burden differs among those with and without HIV, with the former having excesses of infection-associated malignancies, notably Hodgkin lymphoma (Epstein-Barr virus, EBV), anal cancer (human papillomavirus, HPV), and liver cancer (hepatitis B and C viruses, HBV and HCV). [8] [9] [10] [11] Lung cancer rates are also higher among PLWH. 12 The reasons why the distribution of NADCs differs between PLWH and non-infected individuals are unclear, though some hypotheses exist. The increased prevalence of smoking among PLWH 13 does not fully account for the observed elevated lung cancer incidence. 12 14 Persistent lung injury from pneumonias, prolonged immunosuppression, oxidative stress and HAART toxicity may contribute to lung tumorigenesis. [10] [11] [12] Higher prevalence of co-infection with oncogenic viruses in some subgroups of HIV patients likely plays a role. For example, persistent anal HPV infections are high among men living with HIV who have sex with men, contributing to the observed increase in invasive anal cancer in this population. 15 Similarly, liver cancer rates are elevated among PLWH with a history of injection drug use due to a high prevalence of chronic HBV and HCV infections. EBV is nearly ubiquitous among all US adults; however, among PLWH, Hodgkin lymphoma is a common NADC, perhaps due to changes in the immune system mediated by HAART. 10 16 We previously conducted a retrospective cohort study of all-cause mortality in 23 510 incarcerated men and women in the state of Georgia (GA) on 30 June 1991 by linking prison records with the National Death Index (NDI) in 2006. 17 The study was recently updated to include deaths through 2010 and found 5% of the population were HIV infected and overall cancer was a close second to heart disease as a leading cause of death among all prisoners regardless of HIV status. 6 The primary goal of the current study was to link the GA prisoner cohort from our previous study to the GA Comprehensive Cancer Registry (GCCR) database in order to ascertain cancer incidence data and to determine and compare cancer incidence patterns in PLWH and non-infected cohort members in the HAART era. Specifically, we sought to (1) characterise the distribution of incident cancers and cancer deaths among PLWH and uninfected cohort members; (2) compare the distribution of site-specific cancers in this cohort with the general GA population using standardised incidence ratios (SIRs) and standardised mortality ratios (SMRs); and (3) compare cancer incidence and mortality rates between the PLWH in the cohort and uninfected cohort members.
METHODS

Study population
As described in our prior studies, 6 17 the initial cohort consisted of all persons incarcerated in GA prisons on 30 June 1991. Administrative records containing demographic data and incarceration history were obtained from the GA Department of Corrections (GDC) Planning and Strategic Management Section and linked with the NDI through 31 December 2010. 6 Participants could be either in prison, in the general population or alternating between both during the observational period. 17 For the current analysis, we only considered those participants in the cohort who were alive on 1 January 1998. Between 30 June 1991 and 31 December 1997, a total of 1088 people died and 22 422 remained alive. Although we had mortality information on the cohort since 1991, cancer incidence data were not available until 1998, which was well into the HAART era. We defined cause of death as the primary cause of death on the death certificate. We also removed from our analytic population 68 persons who did not identify as being 'black' or 'white' because we could not generate expected cancer or death counts for them. Therefore, follow-up for study outcomes in the current analysis began on 1 January 1998 and included 22 354 people who were followed until 31 December 2010, cancer incidence or death.
The GDC administrative records contain the result of every HIV test performed during any prison stay. Using data from these records, participants were classified into two categories: ever HIV infected or no record of HIV positivity (hereafter referred to as HIV negative). The latter category includes those with missing HIV test results. Decedents were also classified as being persons who had lived with HIV for the entire study period if HIV was listed as the underlying or as a contributory cause of death on the death certificate. ADC assumes an HIV-infected status; when discussing these cancers in the HIV-negative population, we mean cancers of the same type as those that qualify as ADC.
Statistical analysis
The first aim was to characterise cancer incidence and mortality during 1998-2009 in the cohort of persons in prison on 30 June 1991. To ascertain incident cancer, administrative data on the cohort from the GDC were matched with the GCCR using probabilistic matching algorithms. Invasive cancers were categorised using the International Classification of Diseases for Oncology, third edition (ICD-O-3) codes, 18 and only the first cancers were considered. Mortality was assessed through probabilistic matching with GCCR, and, for those with no matches in GCCR, a successive probabilistic matching with the NDI. Mortality data included the date of death and the ICD-9 or ICD-10 codes for the underlying and contributing causes of death. 19 20 We first calculated the number of person-years of follow-up for the cohort, for PLWH and HIV-negative individuals. We also determined the frequency distributions of descriptive cohort characteristics including age in 1998, race, sex, educational level, pre-prison employment status, number of prison releases, vital status and cause of death, which were then stratified by HIV status. We used Pearson's χ 2 test to assess associations of categorical variables and Student's t test for continuous variables.
The second aim was to compare the GA prisoner cohort to the GA general population with regard to cancer incidence and mortality. SMRs and SIRs (measures of risk relative to the general population) were calculated for all cancer types: ADCs (Kaposi sarcoma, non-Hodgkin lymphoma and cervical cancer), infection-associated NADC and non-infection-associated NADC. Infection-associated NADCs included a subset of NADCs with a known infectious cause: HPV-related anal and oropharyngeal cancer, HBV-related and/or HCV-related liver cancer and EBV-related Hodgkin lymphoma. 9 21 All other cancers were considered not to be infection-related NADCs. SMRs were adjusted for age (in 5-year intervals), race, sex and year of death. Underlying population mortality rates in GA were determined using SEER*Stat software (http://seer.cancer. gov/seerstat) and were used to calculate expected death counts. SIRs were also adjusted for age (in 5-year intervals), race, sex and year of diagnosis. Underlying population cancer incidence rates (IRs) in GA were determined with SEER*Stat and were used to calculate expected count of incident cases. We only considered population rates as recorded in GA SEER registries (Atlanta Metropolitan and Rural GA in 1998 and 1999, and Atlanta Metro, Rural GA, and Greater GA from 2000 to 2009). In order to account for out-migration of the cohort from GA, we scaled the number of expected cases to the proportion of the cohort remaining in GA each year.
The third aim was to conduct an internal comparison of cancer incidence and mortality by HIV status. SMRs and SIRs were stratified by HIV status and corresponding 95% CIs were calculated using the Poisson distribution. Both SIRs and SMRs were considered to be statistically significant if their 95% CIs did not include the null value of 1.0. SIRs and SMRs and their 95% CIs were calculated using exact methods. 22 23 All analyses were conducted on de-identified data using SAS V.9.3 (Cary, North Carolina, USA). p Values <0.05 were considered statistically significant.
RESULTS
Demographics
Demographic characteristics by HIV status are presented in table 1. Among 22 354 persons in the cohort remaining alive on 1 January 1998, there were 848 (3.8%) who were classified as PLWH and 21 506 as HIV negative. Incarcerated PLWH were more likely to be younger, black, female, less educated and have more releases during the study period. Among PLWH, 37.0% died during the observation period versus 11.4% among HIV-negative people ( p<0.0001). HIV infection and cardiovascular disease were the leading cause of death for PLWH and those HIV negative, respectively.
Characterising cancer within the prison cohort during 1998-2009 Cancer incidence among study participants are presented by HIV status and cancer site (table 2). The incidence of all cancers combined ( per 100 000 personyears) was higher (IR=560.8, 95% CI 419.5 to 735.4) among PLWH versus HIV-negative individuals (IR=303.5, 95% CI 283.0 to 325.1; table 2). IRs for all ADCs, liver and anal cancer, and Hodgkin's lymphoma were higher among PLWH versus negative participants. Lung cancer was the most common incident NADC for PLWH and HIV-negative people. Rates of prostate cancer were higher among the HIV negative, a finding that has been previously observed. 24 25 The IR per 100 000 person-years of lung cancer among PLWH (91.6, 95% CI 42.5 to 173.9) exceeded that among the HIV-negative group (74.9, 95% CI 65.0 to 85.9) but the 95% CIs for the estimates overlapped ( Comparing the prisoner cohort to the GA general population: an external comparison Among PLWH in the cohort, SIRs (a measure of relative risk, adjusted to the general population) were significantly greater than 1.0 for all cancers combined and for ADC, viral-associated NADC and lung cancer (table 4) . Only the SIR for lung cancer (1.5, 95% CI 1.3 to 1.7) was significantly higher than 1.0 for HIV-negative individuals.
All-cancer mortality was elevated for both prisoner groups (compared with the general population), although the SMR was only statistically significant for HIV-negative individuals (SMRs for both groups=1.2; table 5). The SMR for non-infection-related NADCs in PLWH was 1.4, but the 95% CI was wide and included 1.0. No ADC deaths were observed among PLWH during the study period. HIV-negative individuals had significantly higher all-cause mortality and cancer mortality, except from ADC, as compared with the reference population.
An indirect, internal comparison of cancer incidence and mortality ratios by HIV status SIRs (table 4) for all cancers combined (2.3, 95% CI 1.7 to 3.0) and viral-associated NADCs (6.1, 95% CI 3.0 to 11.7) were both significantly elevated ( p<0.001 for each) among PLWH versus negative individuals. CIs for the SIRs for non-viral associated ADCs between the PLWH and HIV negative overlapped. Table 5 illustrates that all-cause mortality was higher among PLWH versus negative participants (SMR=4.3, 95% CI 3.8 to 4.9, p<0.001). However, the SMRs for all cancers, and cancers by type, did not significantly differ.
DISCUSSION
In this exploratory pilot study of a cohort incarcerated two decades ago, we found that incident cancers were common among both PLWH and non-infected members of the cohort imprisoned on 30 June 1991. During the HAART era, rates of viral-associated NADCs were about six times higher than expected among PLWH relative to the general population, highlighting a higher prevalence of oncogenic viral co-infections and perhaps poorer overall health status. Regarding cancer mortality, there were few cancer deaths among the PLWH in the cohort hampering our ability to draw strong conclusions regarding differences by HIV status among people with a history of incarceration. Nonetheless, there was a suggestion that liver cancer deaths may be elevated in this population. Though we did not have data on the prevalence of HBV and HCV infection in this population, as GA prisons do not conduct routine screening for these viruses, previous studies of incarcerated populations have found that seroprevalence of these infections is high. 26 27 Similar to studies of PLWH in the general population, PLWH with a history of incarceration are at elevated risk for some cancers, which warrants public health interventions. The pattern of incident cancers among PLWH in our study differs somewhat from among PLWH observed previously. Similar to a large nationally representative study, we found that non-Hodgkin lymphoma was the most common ADC. 28 However, among PLWH with a history of incarceration, we noted lung, colon and liver cancers as the most common NADCs versus lung, anal and prostate cancers in the general HIV population. 1 3 Reasons for fewer anal cancers diagnosed in the cohort are unclear-whether participants have lower risk versus risk undisclosed to their healthcare providers and thus less frequent screening. The paucity of prostate cancers may stem from this being a relatively young population. Nonetheless, the elevated SIRs among PLWH in our study for ADCs and NADCs ( particularly viral-associated NADCs) are important areas for prevention and future research.
Relative to the general population, all-cause mortality, but not cancer mortality, was significantly elevated among PLWH versus HIV-negative participants with a history of incarceration. Perhaps this reflects an even playing field between PLWH and HIV-negative patients with cancer with regard to mortality. Conversely, the follow-up period may have been insufficient for incident cancers to have progressed into fatal disease. It is also possible that HIV-related mortality presented a competing risk for this group, thus attenuating the rate of cancer mortality. Our analyses of cancer mortality were likely underpowered due to the small number of observed cancer deaths among PLWH with a history of incarceration, although the point estimates for all cancers combined (SMR=1.2) suggested an increased risk of cancer death. Two recent studies suggest that cancer treatment rates are lower among people with HIV/AIDS, which likely contributes to this disparity. 29 30 Elevated all-cause mortality among PLWH relative to the general population may be due in part to inadequate control of HIV-related disease, underscoring the need for programmes that retain PLWH in the HIV care system after release. [31] [32] [33] Although most prison systems lack adequate resources to expand cancer screening and prevention programmes, courts have ruled that they cannot have deliberate indifference to previously existing or newly diagnosed medical conditions. HIV viral suppressionwhich is associated with increased survival time and a decreased risk of some ADCs and NADCs-should be a focus for prisoners living with HIV. 34 35 Additionally, treatment and screening for HBV and HCV, which decrease the risk of hepatocellular carcinoma, are important components of correctional healthcare systems. Finally, smoking is associated with a number of cancers, and tobacco cessation reduces the risk of lung and other tobacco-associated malignancies. A prison record may hinder employment and thus health insurance, resulting in decreased access to healthcare. Lack of insurance 36 37 and diminished lifetime earning power, 38 estimated 10-30% less among people with a history of incarceration, 39 40 may increase risk of several cancer types as well as adversely impact treatment and survival. In addition, exposure to known carcinogens is high among prisoners: 65.7% and 85.4% are smokers and alcohol users, respectively, and risk of cancer is higher than age, gender, race, socioeconomic controls; only when further adjusting for smoking does the risk of cancer become equivalent to the non-incarcerated. 41 This study has several strengths. Persons in the HIV-infected and HIV-uninfected arms had some characteristics in common, most notably incarceration. PLWH were more likely to be black and less educated, factors associated with poorer overall, HIV and cancerspecific survival; on the other hand, they were younger and more likely female, factors that are normally protective. Nonetheless, if they were not matched by socioeconomic status in 1991, releasees in both arms had to contend with similar barriers to healthcare. Additionally, by studying a cohort formed by taking a cross-section of persons dwelling in prison, rather than a cohort of releasees, we de-emphasise immediate deaths, including cancer deaths. Instead, the methodology highlights long-term sequelae of exposure to toxins such as alcohol and tobacco, and viruses such as HBV and HCV. 6 Our study also has limitations, such as possible ascertainment bias. We did not have access to HIV status apart from the prison records and death data. Some persons classified as HIV negative based on prison entry testing may have later seroconverted to HIV, therefore underestimating observed associations with HIV infection. Causes of mortality were obtained from prisoners' and releasees' death certificates, which are filled out either by physicians or county coroners. Unlike many other states, GA does not mandate autopsy for deaths in custody, which could potentially introduce misclassification of cause of death, although any such misclassification would be independent of HIV infection. We were also unable to obtain information on smoking status, HAART adherence, cancer treatment and markers of HIV severity (eg, CD4 count, viral load). Finally, because we defined our cohort based on incarceration in 1991 but began follow-up in 1998, survival bias may have been introduced. All of these factors may reduce generalisability.
In conclusion, this descriptive study found elevated cancer incidence among PLWH with a history of incarceration relative to the general population. These results underscore the need for cancer prevention and control programmes within prisons and to ensure releasees also have access to a medical home with follow-up appointments and regular cancer screening. Longer study of this cohort is warranted to assess whether an excess of cancer mortality will eventually be observed and if that will differ by HIV status. Expanding such registry linkage studies to other states with larger incarcerated HIV populations will further inform correctional and public health policy in the USA.
